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FOREWORD

A part of the research work on Contract Nonr 393(01) has
been conducted by a graduate student, lir. Russell Grant Athay,
workil.;; under & cooperative research program in solar physics
botween ligh AltitudoiObsox‘_vttp;y'md the University of Utah,
The PheD, thesis summarizing his work has been jointly super-
vised by the astrophysics group of the University of Utah and
the i1esearch staff of the High Altitude Observatory. The
thosis contains major resultes of the eclipse expedition conducted
under the contraot, and is therefore boing issued herewith as a
contract technical rep-ort.

The principal scientific results in this thesis will later
be made the subject of published articles in the scientific
literature. Such published articles will be distributed as
‘additional technical reports under this contract.

Walter Orr Roberts, Director
High Altitude Observatory

13 July 1953
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ABSTRACT

Analysis of ultraviolet spectrograms of the chromospheric flash
obtained at the 1952 solar eclipse at Khartoum, Sudan, presented serious
photome tric problemsc. Standardising exposurws in the ultraviolst made at
Khartoun were not successful because of a post-eclipese failure of the film
advance mechanisnm. Charaot;riauc ¢urves nbtained from standard lemp ex-
posures made in Boulder after completion of the expadition could not be
trusted to represent the photomotric propertiss of the sclipse films, and
werw principally useful as a first approximation to the curves x-opméenting
the eclipse spectrograms. In addition, there were uncertainties in thne
duration of the exposures on all except six spectrograms,

Me thods were deveioped that allowed, in spite of these problems,
entirely reliable deteminations of the characteristic curves of the filnms
made during the eclipse. A thorough, independent check on the consistency
and accuracy of t.";o final ocurves was ponsible and its result was entiraly
satisfactory.

The image of the coronal continuum extending beyond the moon's limb at
right angles to the 1line of contacts was used to determins the relative
‘exposurss. Change with wavelsngth of film sensitivity, atmospharic absorp-
tion, and reflectivity of the mirror surfaces were evaluated and included
as correctionz to the photomatry.

The densities of the hydrogen Balmar lines from Hg to Hj) and at four
wavelangths in tha Balmer continuum were measured at two points on the limd
on 17 spactrograns at aecond‘contact. The microdenﬁitometer at the McMath-

Hulbert Observatory was used for the tracings. Those densities were then
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convertad to give, after application of the photomwstric procedures, tables
of corrected line intensitiea for 24 lines of the Balmer series at heights
separated by 108 ms in the lower chromosphere, ranging from 100 kms to
3800 kms in height, as shown in Table 2, pages L8 and L9.

The values of line and continuum intensities were found to be intermally
consistent and it was demcnstrated that systematic arrors were negligibly
anall. The random errors were relatively small for photographic photometry.

The Balner dscrements agreed well with those obtained by Cill{e and
Menzel at the 1932 eclipse at the heighte of the chromosphsre where the
observations overlap. Howevsr, the emission-height gradients of hydrogen
are about LOL larger than in 1932, and the absolute intensities of the
hydrogen emission at the base of the chromosphore were about five times as
large as in 1932.

The emission-height curves were found to be well represented by

-Pnh
En = Exn )0 e

except for lines Hg to Hjy below 2000 km. The values of fi,; increasad
systematically from Bg = 1.4 x 108em~1 o pyy = 2.1 x 207 Jem-1,

Preliminary intérpnmuon of the observations revealed that the
effects of self-absorption were pronounced, and also demonstrated that
thare were large departures from thermodynamic squilibrium in the sense
that the b,'s were greater than one at 700 km and increased with height.

Preliminary analysis of the Balmer continuum data showed that the
electron temperature was lees than 12 ,000° K at chromospheric heights below
1000 km and that the temperaturs increased upward. The ealectron densities

in ths low chromosphere were found to be of the order of 1011 per cm3,



A detailed determination of the thermodynamic strusturs of the solar
chromoephere will be Attemptéd by Dr. R. N. Thomas and his asecociates from

the tabulated intensities given in this thesis, and will be the subject of
later reports from the High Altitude Observatory.



I. INTRODUCTION

Spectrographic observations of the flash spectrum at the total soler
eclipae in Khartoum, Sudan, on February 25, 1952 were made by the High
Altitude Observatory of Harvard Univereity and the University of Colorado.
This work was supported by the Office of Naval Research and carried out in
cooperation with the Naval Research Laboratory. A primary purpose of the
expedition was to obtain observations of the solar chromosphere simul tane-
ously in the optical-photographic and short-wave radio regions of the
spactrum. Thees two sats of observations are to be used; in turn, as
independent mnans of daducing the thermodynamlec estructure of the
chromosphere.

The results of previous radic ncisa chasrvationst gava electron
temporatures c{ the order of S0CO° K in the lower chromospheric layers.
Temperaturas of this same order weare found by c111{e and Menzel? from the
distribution cf intensities in the Balmsr continuum observed at the 1932
eclipse, and 8similar results wore obtained by (‘:o].c{box'(’:'3 from the relative
population of excited levels in Helium. On the other hand, line profile
measuremsnta by Recixn‘anh at the 1940 eclipse gave temperatures of the
ordar of 30,0000 K. Giovm01115 and otliars havs pointed vut that tampera=-
turas of this latter order are required to support the observed density
gradients if one assumes & highly ionized atmosphere in hydrostatic equi-
Ubriun. In a series of papers, Thomae® showed further evidence in favor
of a high tempémturo chromosplere,

At the present time there is considerable doubt about the actual

thermodynamic conditions in the chromosphere. Not only are the observations



apparently conflicting, but theoreticians are also in disagresment as to
the causes of the discrepancies. We hope that tho pressnt observations
will help t¢ resolve the apparent differences betwsen the optical and
radio noise observations by giving us an irproved determination of the
thermodynamio conditions in the chromosphere. The methods of analysis and
the requirements for the optical observations were developed by 'nwmn."
The spectrographic equipment was designed by the High Altitude vserwvatory
axplicitly to fit these requirements, and to give the necessary data for
this analytical method, namely, detailed spectrophotometric cbservations
of thé emiesion in the hydrogen Balmer and Paschen series.

Couplstion of the overall problem divides itself logically inte two
parts: (1) measurement and reduction of the spectrograms, leading to tables
of intensitiss for the hydrogen Balmer and Paschen lines, and (2) inter—
protation of these data, leading to a detailed specification of the thermo-
dynamic conditions of the chromosphore. The work reported in this thesis
encompasases the firat of these objectives, so far as the dats obtained at
Khartoum permit, and includes a preliminary interpretation of the results

to be expected,



II. OBSERVATIONS AT THE ECLIPSE

The High Altitude Observatory eclipse expedition, a part of the larger
expedition of the Naval Rescarch laboratory, was headed by Dr. John W.
bEvans,% who was assisted by Mr. Robert H. Lee and Mr. Robert He. Cooper.
Observaticns were made with tiires slitless spectrographs, two having lens
systems and ciie a refloction system for the image-{urming elements. The
properties of tho spectrographs are given in Table 1.

A alagonal mirror in tho ult.,aviolet aspectrograph, between the
grating and the apherical mirror, diverted the spectrum to the photo-
graphic emulsion. This mirror blocked out LO mm of tha short dimension of
the grating, leaving an effoctive surface of 85 x 150 mm.

All three spectrographs were attached to a sinple rigid structural
spar, mounted equatorially, and gnided in hour angle and declination by a

8 similar to those used at the Climax and

photoelectric servo-mechanism
Sacramento Peak coronagraph stations.

The cameras wore dozipned for "jumping film" observations at a much
fasteor rate than earlier eclipee-gosrs had attemptedes A pnoumatic film
transport and shutter system was used. This design allowed a rapid {ilm
trangport with a minimum of muchanical motion or vibration. The cameras
used 20-foot rolls of film § 1/2 inches wide prepared by the Eastmsn Kodak
Company. The Spectrum was imaged on the film with the direction of dis-
poreion along the 9 '1/2 inch dimena'}on. ‘1t was rxogeasnry to move the film

only about two inches between axposures. The cameras were a-lliope'x"ated

hi

# Dr. Evans is now Superintendent of the Uppor Air Research Observatory
- at Sacramento Poak, New Maxico.
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by a single control system giving simultaneous exposures.

Tho cbsarving program at eclipss was as {ollows: ths exposure times in
the low chromosphere were 0.3 second with an interval of 0.1 second tetween
the and of one exposure and the beginning of the next. The 0.3 second
exposures wore started 10 seconds before the computed time of first flash.
At the appsarence of the {lash the program control was started. The 0.3
psecorxd exposures were continued for 12 exposures, and then four exposures
of 0.9 second and four of 2.9 seconds wore taken. After the last 2.9
second exposure, some longer exposures of the corona were made. The same
program was reversed for second flash. Through some unaexplained mechanical
paculiarity, the first 0.9 sacond oxposure turned out to be 0.6 second.

The observing conditions at Khaxtoum ware sxcellent. The aky was
cloudless, the wind velocity moderete, and the seeing good. On February 22,
there was a cold frontal passage with & rather severe sandstorm. On the day
of the eclipese there was still a slight blowing of tho sand, but this was
confined to the lovele 3 few fest above the surface and below most of tha
obsarving aquipment. There was still a slight haze left by the duzt from
the preceding storm. However the atmosphoric transparsncy was good aml
showed no evidence of being variable. The photopic and speciral attenuation
of the atmosphere was msasured by tha Naval Ruaoaxcfx laboratory group9
during the 17 days preceding the aclipse and on sclipse day.

The axpedition was not without serious troubles, however. In the
process of setting up and aligning the squipment, Dr. =vans fell from the
spar and fractured his lag. This asccidant seriously Jjeopardized the expedi-
tion, and %t_ was on"ly through extreme effort on the part of all three |

menbers of the team that any observations wese :obt.atnod. In addition to



this, the sandstorm on February 22 forced sand .1nto the £ilm transport and
shutter system. The operation of thie system afterward was somewhat
erratic. Fortunately, the operation during ths eclipse waes quite smooth,
and a relatively large number of excellent spectrogrames was obtained. This
8ystem failed to operats, howsver, during the standurd expcsures taken in
Khartoum afier the eclipse. Because wé had, as a safety measure, planned
alternative ways of accomplishing the photometric standardization, the loss
of these stardard exposures was not po serious as it might, at first sight,
appear. This point will be discussed in dotail 4n part III.

Saventeen ultraviolet and 19 visible spactrograma at first flash are
of good quality and suitable for accurate photasetry. The infrared espactro-
grans were undsrexposed, and, although there is mubh usable information on
them, the Pasochen lines ars toc weak for accurate hydrogen line photometry
of the desired type on all excapt one spectrogram. Ths sand in the pneu-~
matic system produced a few double exposures. In some of the spectrograms
thore is evidence that the film moved while the shutters were open. This
effect shows up as a slight blurring of 1nteﬁae lines; perpendicular to
ths direction of d_iapersion. There is no evidence of blurring in the lines
of medium intensity, snd the actual intensity measurements show that this
effsct was minor. On the whole the spectrograms at first flash were very
good.

The program for seccnd flash started too late, and the longer ex-~ -
posuras were overox;}gaod. There .aro, however, pix visible and six ultra-
violat spectrograms at ‘sscond flash that were exposad for 0.3 second in the
low chromosphers. These spsctrngrams were of exceptionally good quality.

The spectrographz were designed so that two images of the suectrum



appeared side by side in each exposure. The two images were accomplished
with a simple image-dividing system 1n.oach spactrograph. The primary
image received practically all of the light rroﬁ the grating, and the
sacondary image received approximately 1/100 of the totel light. Thé
actual intensity ratio depsnded on the iavelangth, since the reflsction
and transmiesion coefficients of the systems varied with wavelength. This
simple device greatly”incroaaod the amount of usadble informatior on the
spectrograms by extending the range of intensities ihat can be measured.
In addition, this system greatly improved the chances of zotﬁing uuaﬁlo
densities in any given exposurs, and it provided a basis for chacking the
accuracy of the photometry, as describsd bslow.

~Along with the two images of the spectrum, sach exposure contained
the imsge of & data panel. The panel isncluded a step wedge as & ohock-on
photometry, sand a system of clocks for measuring exposurs times. The step
wadgs was illuminated from behind by a conaiant‘liggp uourccx.tﬁe light
transmitted by the wedge was filtered to give a band about LOO A. wids.

Plates 1 and 2 are reproductions of visible and ultraviolet apectro-

grams. The bright regions bordering the primary image ware formed by the
coronal continuum that extends beyond the moon's lixb at right angles to
the line of contacts. This continuum overlaps the secondary image of the
spcétrumtnnd the image of ths data panel. - In designing the eclipse spectro-
graphs Dr. Evans overlooked the fact that this continuum would be so in-
tense. This oversight had both bsneficial ;nd detrimental effecta. Ths
overlap into the secondsry image raised the denzities in. that image above

intensitien mors reliable, and introduced no systematic arrors, since the
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Plate 1. Negative print of a portion of ultraviolet spectrogram No. 9.
Pointe & and b and siveral Balmer lines are indiocated.

Plate 2. Negative print of a pbftion of visual spactrogram No. 13 éhowing:
a. data panel wedge; b. primary images c¢. secondary image.



light of the overlapped image integrated out of all line intensities in the
reduction process. On tha othsr hand, the effects on the dava panel were
detrimentsil. In the visible spectra, the affect is ascarcely noticeabdle,
and even for the step wedge can be reliably corrected. In the ultraviolst,
however, the data panels were of little uea. In only six exposures could
the clock images be seen, and none of the wedgoes were usable. At first we
feared that this was a vcryr eerious loss, but, as we shall point out below,
the image of the continuum itself allowed us to detemine the characteristic
curves of the (ilm at all dewired wavelengths, and also to determins the
relative sxposures of each image.

Prior te thase obasrvations the most complete and most usefuwl chromo~
spheric eclipse observations that gi#o reliable 1ntan$iﬁy meRSurements are
those reported by,C,:_.n{_e mc_i quaﬂ.z They made five observations of the
chrmoa,pharig'apect’mn; bcﬁ_nen 0 an'c.x‘ LOOO ims. During sach of their ex-
posures the noon-moved-»l.‘fr:‘m:ralétiva to ths sun, and during"ihe i:itefva.}
Letween the middle of two consecutive exposures the moon moved 833 km
rol&-tive to {he BUN.

For comparison, at the Khartcum eclipse we were able to cut the rela~-
tive motion of aun and moon:,botwo‘;:m sxposures to one-sighth of this value.
Du’ﬁ.ng an interval of 0:3 second ifhe ,mhéon moved 81 km and in O. second
105 Jm relative to the sun. "he relative motion of the sun and moon was
slower (269 lm/sec) and we spaced-our exposures much more closely. In the
range O = 3700 knm wo have 18 meparate observations in the uliraviolet, and
each of thess contair. two images of the spectrum. Were it not for double
exposux_wol;"-'there would have been a total of 22 apoctrogrme batween these

ssmo levels. There can be no doubt that the large increase in the height
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resolution in these observations will be of great importance to anyons
atteapting a study of the chromospheric struocture. The scouracy and reli-

ability of the idata obtained from the spactrograme will be discussed in
the following sections.
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IIT. PHOTOMETRIC METHODS
A. Sumary of Flannad Photometric Program

Two principal methods of photome tric etandardisation of our eclipse
films were planned befors the eclipse, with several possible altarmatives
visualited in case of difficultieo with thess principal methods. Ae our
program doﬁi&ﬁ;d.‘wt were t'or,co& to rely entirely upon alternatives, but
Bocnﬁu of “t.ho in,y A:Ln which the photametric procedures were executed, as
dasoribed in detail balow, we are confident that the final results, though
wore laboriously d;rived, in compatable in accuracy with those expectsd
from the originally planned methods.

Our in{tial standardisation plans called for us to produce & set of
standard exposures in our spectrographs, using as a light source & cali-
brated tm-dnfribbopg-rumm lagp and & collimator of known photomstric
characteristics. We pl.nnnod”t.o inage the filament of the lamp on the 8lit
of & collimating syatem like that of Figurs 1a, sttached to the spectro-
graphe. For the standard exposures we had planned to use & straight slit,
covox;ed by & wedge whose transmissivity varied continuovely slong ite
length. Thus the image of the slit on the fila would be & continuous
?puct.nn with a chmga of intensity normal to the dispersion. We planned
to determine ths absolute intensity of the light producing given blacken~-
ing of the film from the constants of the lamp and the collimating syatem.
The standard exposures we plamed to place on the film, adjacent to the
eclipse spactra, as soon as possible after eclipse, and to accomplish the
processing in the same film strip at the aamé t.im ;a the eclipss films,
The principal check on the method was to be the standard wedge in our data
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boxes, recorded on each eclipae exposure with the same length of exposure
and at the same moment as the eclipse exposura. |

Unforeseen difficulties prevented us from carrying out this progrem,
and forced upon us a far more laboricus procedure; as descrided below. We
did, however; use the collimating equipment designed for use ‘1n the planned
procedure, even though simultaneous processing of eclipse and lf.iﬂdﬂd ax~
posures made at the time of the aclipse was impossible. -

B. Photometsric Program as Executed

The planned standard exposures, using the procedures outlined abovs,
were attempted in Khartoum, shortly after the sclipse:. For some reascn,
prcéibly the eand in the system, the film tr_n_.ndporﬁ’fnhd in all three:
caneras, and ﬂ}e films of the aclipse spectra, tﬁinrora, ware not 2000~
nied by these standards, whan processed. Aadtiiei? Vattempt to get the
standard exposurse was mads in Khartoum, but, \mfortﬁmtoly, the expedition
had to iuv. 'thi site 80 soon that there was neither tims nor facilities to
process the film until after the return to Boulder. When this tilm wae
processed, wa diacoversd that the fila transport in the ultraviolet camers
had again failed. The visible was partially successful, and the infrared
operated normmally. However, the 1ong" dohy. \;B‘twhcn the ‘e“xpoai.nz s
processing and the unknown storage conditions, geve us considerable doubt
about the socuracy of the atandards. The rolla of film that were used for
the eclipse spsctrograms were still not cmﬁlqtoly used up. The aquipment
was therefore reassembled in Boulder and the standard exposures again
completed on the same rolls of film., Two '='éota of standard eXposures were

taken at din"e'x"qm;‘v'times-:and procesued aepo.ré-toly‘ The processing and
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exposing conditions used in Khartoum had been carsfully recorded and an
sttempt was made to duplicate these conditions exactly for the standards
takan in Boulder. The same perscn did the processing in both places. We
recognised, however, that the dotailed shape of the characteristic curves
obtained fraom these exposures would be only a first approximation to the
proper curves, but the variations of ths éurvn with wavelength and ihe
absolute intenaity for the middle of the straight line portions of the
characteristic curves we expescted to be able. to “truste

The standard atep wedge impressed on the films during ths aslipee
sexposures reccrded successfully in the visible spectra, but was obscured
in the ultraviqlst by the continuum, which overlapped 1nto.tho area
resorved for the data box. The 1ight pessing from the wedge to the films
was traversed through & green filter that transmitted a band of light about
LOO A in width, giving us a characteristic ourve at cne wavelength.

‘Tho inage dividef, which gave two images of the spectrum on each ex-
ﬁoeuré. alao aided us u‘ut.oriam-‘in checking the photomeiry as cutlined
below.

C. Hethod of Detarmining Characteristic
Curvas by Standard lamp &nd Collimator

Ths method used in Rouldar to standardize the photographic films

.mpoacd to the at&ndard lemp and collimator was oxactly the same as that -
original‘.ly plannud for the eclipm films ﬂmmaclvaa. Because t.he £ilms
had to be developed aoparatoly trom the oclipso films, and in =pite of the
fact that tho same emqlaions were uﬂsed and conditione were duplicated as

.closely as popoible, we used the characteristice so derived simply to gin
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us & first approximation to the appropriate curves, to determine the wave-
length variations of tha curves, and to £ix the absoluts intensities cor—-
responding to the middle of the straight line portions of the character—
istic curves.

The method gives absolute characteristio curves for the films at all
desired wavelengths. The first step in the method is to obtain an expres-
sion for the absolute intensity of a chromospheric spectrum line in tsrms
of the charactearistics of the standard lamp and ccllimator. This we have
done in the following steps, leading up to equations (8) and (9) on pege 17.

The lamp we used was celibrated by the National Bureau of Standards
before the standard exposures were taken. After the entire expedition snd
post-expedition standardization had been completed we had the lamp recali-
brated. We found that nc important change in the characteristice of the
_lamp cccurred. The calibration gawe iha bri-htness temperature of the lamp
for several values of the filament current. The brighinass tempemturs,

S\, is related to the true temperature, T, through the equation

2 o= R30I A Sog Epr i
Ce A (1)

where Cp = 1,432 .cm desroes and €, 48 the opactral emissibity of

tungsten. The values of €, g given by Forsythe and AdarslC were used. The

intensity of the rad:.ation from 1 sm® of the filement, expressed in terms

of ths black body emission function, JMT," in ergs/sec/unit golid angle/unit

wavelength 13

Ear = €ar Jar, ’ (2)
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Lat)

JA * the averags coefficient of reflection at wavelength )\, of the
six reflacting surfaces in the collimator and ultraviclet
spectrograph.

72;; = the transmissivity of the wadge at a distance x from the end of
the slit and wavelength \.

~£1g « the solid angle subtended by ths grating as seen from the slit.

; = the width of the slit. ,

Then the intensity in ergs/sec/unit wavelength which reached 2n srea, dfd\
of ths film in the ultraviolet spectrograph f{rom a length of alit, dL,

located at the distance x from one ond of the slit is
4

The intensity of radiation in ergs/sec/unit wavelength {rom the chromosphere

which reached the ssxs ares of film is

A& Oy LI2 m (4
¥ 7 i
whare!

éfc = srpa/sec in wavelength rangs d\ emittad wniformly in all
diractions by a section of tha chromosvhere bounded by two
parallesl plenes lying in tha line of aight, 1 cm apart, and
perpendicular to the sun's limb, and a third plane tangent to
the moon's linb along the line of sight.

LJ} = the solid angle aubtended by the grating as seen from the sun.

L = the length of the chromospheric section which is imaged with a
length df on the film.
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ﬁ,( ® the spectral attenuation of the atmoaphore.
Equating (3) and (L), we get

P 4#@’*%&.{1 We £l Tox bap Doy A (9

The ratio of the soclid angles subtended by the grating from the taro
sources is equal to the reciprocal of the ratio of ths effective distances
sq\_arcd. The effective distance of .;he grating from the slit ie equsl o
the focal length of the —ccllmnor, o« If we call the distance from tha

sunp to the sarth R, then

e’ S S 6)

The ratio of the lengi: of 2lit to the length of the chromospharic sssticn
that has ths same imnge aize is equal to the ratio of the magnificaiion, or

the ratio of the affective distances. Hancae,

ff} fg,, (1
,?
Fram (6), (7) and (5), we gst
£ 3 . .
—«&‘%-"-‘-‘- = «W&‘EA;“ ""';X ?:Q,;' €ar Jay . (8
&

Nho tnetanl anavow amit
wne tntdl anarow em

profile, or

' P 3
E. = ¥77 & %/C A oz Err Jirdr. O
A,

The next stap in the method is to evaluate the properties of the col-
limator, representad by tarms f)\ and 7{,::' 67\:'1' is already known as

mentioned above, from published va.luea.m_ Py, the spectral attanuation
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comes {rom Naval Research Laboratory data already deacribed.9 A1l the other
terms are known.

In order to evaluate SR we used a spaciazl slit. The upper half of
thia slit, as shown in Firure lb, had eipht steps whosa widths varied
logorithmically. The lower half was a4 mirror surface. Light from the
upper half of the slit forwed a collimited beam. A {lat mirror placsd in
this bsam, a8 shown in Fipure la, reflected part of the collimated beam
back into the collimator, and formed an image of the uppar half of the alit
cn the mirror surface of the lower half of the slit. Light {rem this image
then raturned to the colllmator mirror. Hence & portion of the baam amerg-
ing from ths collimator contained light from bLoth the upper half of the
alit'.and its image on the lower half. Only this portion of the eeﬂ_wx wag
allowed to atrikse the grating. 7The image on tha fiim consisted of txo
asparate continuous spectra with the intensity varying in steps normel to
the dispersion. One of the spectra was formed by tha image of the slit
which had ﬁaen reflected from thras swrfaces in thoe collimator. The other
spactrum was formed by the image of the uslit which had bean raflscted from
nine surfaces in the collimetor. The range of intonsities Lz such that the
intenpities in thc_ two images overlap. At pointe of agual deonsity, at s
same wavelength, the intensities are the same in the two images. The
intansity which producss this donsity is proportional to v.gff" y Whare
n is the nunber of reflscting surfaces and Wy is the width of the slit. If

ws danote the multiply reflected imaze by ‘pﬂt‘nos, we have

e
W /7 = g 4’ (10)



or

3 W, A
= G )

thus giving us the desired svaluation of &J

It should be noted that this method asosumes that the two reflections
occurring at the flat mirror in the collimated besm and the mirror surface
on thes slit are squivalant to two reflections fron the focusing mirror in
the light house. All of the reflecting suirfaces were coated with the sane
matarial at the same timn. Any differences in the rone‘cucm coafficients
should be due t¢ contamination of the surfaces and we believe that such
differsences were negligibly wmall.

To avaluate 75 ; wa comparsd the sxposures from the step slit with
exposures from the wodge-covarad straipht slit. The exposurs times and
lamp temneratures wore the name. [ran the image of the step slit we plotted
8 curve of density ve. loy Wy, an somn in Figure 2b. The lower helf of this
curve waz obtained from a set of axposures taken with a2 smallar aperturs in
e ccllimated veam. 'he middle portion of ths curve was cbtained from the
mul tiply-reflacted fnage with the large aperturs. The densities in the
multiply-reflected image were plottad at a point on the aAbscissa corre~
sponding to log Wy + 6 logf,. From the image of the straight slit and
wadye, we plotied a curve of donsity ve. the digtsnce, x, from the end of
the s1it, as shom in Figure 2a. A% peints of equal density on the two
curves, the intensities are equal. The m;;maity in the image of the step
slit is proportional to W,, und the intensity in the image of the stiraight

slit and wedge has tho same proportionality to 'a7i,xa Hence,
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w, is a constant. At a point on the wedge a distance x from the end
of the slit the density con be read from the curve in Figure 2a. At ths
same density on the curve in Figure 2b the value of Wy is detsrmined. Both
curves have been plotted at each wavelength where values of /3 and %5 ,
ware desired. Eaoh curve is based on the average densities measured on
five meparate exposurse which were supposed to be identical, but which show
slight variations due to various photographic defects.

We have now reduced f&_undu7\,x,to_knovn measurablie qunntitiq!. The
values of By, fH and 7X,x and the optical constants of the lamp for ths
wavelengths 23900, %3800, 23700, A3600, and A3500 are tabulated in Teble 1
in the Appendix. The values of log(‘%ef)-/o,(ﬂeﬁf “‘f&’ ?:5! €ar JA';)
and the dcﬁaitieo*ror values of )\ and x, on the two sets of 0.3 second
standard exposures are tabulated in Tables 2 and 3 in the Appendix. Each
density recorded is again the average of the densities from five separate
axpocures. The values of x marked with a prime in Tables 2 and J refor W
exposures taken with a filayent.ourrentqot 30 ampes. The unprimed valusa

are {or viposures with & filament current of 2

™

[4

5 amne; the higher current
.being ussd to cbtain mors light.

| Wo_nﬁy have all necensary 1nformkgion to draw an ahsclute character-
iatic ourve for our £ilm at any desired wavelength for the 0.3 second ex-

posures. We dc this by simply plotting the measured denaities for any

# All densitien used in this report aro American Standard diffuse densities
unless otherwise specified. ‘
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given )\ and x against the calculated value of log (9%%) given in the
tavbles.

From this characteristic curve, thus, if we entsr memsured chromo-
spharic or coronal densities at any given wavelength we can read direotly
the corrsoponding absolute intenaity per unit wavelength. By integration
we can obtain the desired total line intensities from measursd line
profilea.

If these characteristic curves acourately represented our sclipese
filns, the sclipse photomstry would simply represzent application of this
tschnique. Howsver, ths main labor of our photometric problem wae to
obtailn from less direct information characteristis curves that did
repressnt thaseelipee films.

We ancountered some perplexing dirriéultiea as 2 result of comparison
of the two different lamp intensitiass ccrrnapondiqg to the different lnnp>
currents used. In the 0.3 sacond axposures two dlffbrang'cuirchtu, 30 and
36 amps; were used. Tha 30 ampléxpoﬁurb.giﬁ;a'tha idwéb‘p‘rt.éf the
charsctaristic curve and the 36 amp the upper part. ""In the m sets of
exposurss there is a good ovsrlnpping of the densitisz in the straight
line portions of the charactariside curves. The observed difference be~
twmen the values of log (%’{-) at equal denqitfi.oa.:o_h the tmo seta of
axposureas does not agree with the dirtgrence that ia calcuiated {raa the
Planck function end the value of €, ,T and T, —In all cases the calou~
lated differences is greatar than the ovesserved differsnce. The amount of
this residual is entered in the last rows of Tables 2 and 3 in the Appendix.
The values of log (Qgi)‘entered in the tables for the 36 amp exposures are

the computed valuss minus oae half of the residual, and the values for the
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30 amp exposures are the computed values plue one~half of the residusl. The
residuals seem to changes with wavelength, in opposite direotions in the two
soets of standards, and the averags values are different for the two sets.
The changss with wavelength are oo small to be considered asignificant, dbut
the change between the average valus for the two sets is significant.

This sams sort of troubla shows up when the 0.9 sacond and 2.9 seconds
exposures are compared to the 0.3 sacond sxposures. The 2.9 seconds ex-
posures were taken at X axp and the 0.9 ssoond at 23 amps. The difference
between the valuez of 1o¢(2§§9ror the 0.9 second exposures and 0.) second
sxposwres is not the same in the two sets of standards. The differencs 1is
again of the order of 0.10 4n 10;(2%%)- The 2.9 seconds exposures in set
B showed n obvioua nor~uniform 11lGaination of the #lit, The discrepencies
&r3 100 large to attribute to errors in the lmp constants. The two in~
'dopendent calibrations of the lamp kavo consistent results and the current
in the filament waa controlled ﬁo?: +0) emps. The values of €,  thet have
been iipartodlcﬁ 11? 12 ghow considerable vlriatioﬂ 1n‘thia.ﬁuvtlnngth
range bul not reariy enough to explein the differences. The fact that tne
two sets of sxsuros show the sams trends in the C.3 second exposures but
vpposits trends in the comparison of the 0. sscond to the 0.9 aocchd X
poaures 2lsc Arpues agsinst the uuéﬁostion that the constants are the source
of trouble,

The only other poesibility is a non-uniform illumination of tha slit.
There ic one obvicus cise of this and thers is a chance that it is the cause
of all the discrepancies. Whan the current in the tilamoni'ohangoa; the lils-
ment expands or ccntracts, and in doing so, it changes its position. It

is possible that these changes are enough to causs significant changes in
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the position of the image of the filamant. 7The slit was nearly as wide as
the filament, and a small motion of the image couid be Guils serione. The
image may also have been moved by mechanical disturbances. In ordar to
change the exposure times it was necessary to remove the housing that held
the lamp and the focusing mirror. After each change, the position of the
filament image on the a2lit was chacked before the final adjustnents ware
wade. The one cbvious case of non~uniformly illuminsted slit, howsver,
leaves this as a strong poaqibility. The results of these discrepancies
are that the absolute intansity scale is uncertain to ¢ 0.10 in the log of
the intensity and that the relativs intensities between the diffarent ex-
posure times are unraligble. qutunatnly, the imege of the coronal
continuium on the spectrograms offers & means of getting the relastive in-
tensities betwsen the various exposures, so this trouble is not serious.
D. MNethod of Detarmining Charactaristic Curves by Use
of the Coronsl Continuua end the Data Pane) Wedge
As pointed out earlier, we congider the shape of the characteristic
curvas obtained from the above standards to be no mores than a firat approxi-
mation to the trus e"rvei of the eclipse films, end, indeed, the two sats
ghow ocurves of slightly different shaps. 'The varistions of the curves with

vi; emenes Aoen Al
B3 WCRLINT AZE WVMTY

sets. The absolute 1ntonsity scale at tho'middlo of the straight line
portion of the curves should be reliable to + 0.10 in the log of the
1ntenai£y. Fortunately, due to the atandﬁrdizing methods used at the
oeclipse, ths shape of the true eclipse characteristic curve at one given
wzvelength can be determined entirely indspendently of the standard ci- |

posures of the above sectione.
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If the data panel wedge on the ultraviolet spectrogrsas had been ucable,
this approach would have bean straightforward. 8ince ne ultraviolet wedges
ware usable, thoe approach was indireot; we used one of the w0 avsilable
alternatives for building up the charasteristic curves.

Ono procedure is to consider esch pair of corresponding points in the
two images (one strong and one weak) of each spsctrogram as a wedge of two
steps. This aultitude of wedges can then be comdined to give the squivalent
of & wodge with mamy steps. This procature 18 coplicsted by the irregular
operation of the shuttsrs, the iarge ratio of intensities bLetween ths two
images, &nd the superposition of the coronsl continuum from the primery
image on the secondary image. These complications make the determination
of the characterlsiic cuxve ’by thiz wethod very difficult and hbqriom.

The other altarmative is to wae the data panel wedge on the dsible _
spectrograms %o dstermine ths charsoteristio curve at one ianléngth for
the visible film, and then 30 use this curve to canatruct tha curves for the
ultreviolot £filws, This procedurs is not nsarly uo sapcesible ae it might
enam:. The pectral regien AN 5100-3900 is comson to both visible and
ultraviolet spectrograme, and the transzissica range of the filter used in
the formation of the izags of the step wedge was X\ 5200-4700. The wedge
then given a chavactaristic curve accurats in the vicinity of WL900. We
oan use this curve to determmine the relative poak intensities of several
linee near this wavelength a';'x & given visible spectrogrexm. Thess wu”
linen on the ultraviolst épactrogram exposed at the sams time then serve
as a step wedge from which the chnn_o"hrinuo' ourve a,t.xh900 on the ultre-
violet spactrograms can be obtained. The 1andom errors would be large,

‘but there are enough pairs of speotrograms and snough 1ines to average out
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theze srrors safely.

Another mothod of transforming this characteristic curve for the
viaible =pectrograna into the characteristic ocurves for the ultraviolst
spectrograms was suggested by Dr. Evans. The coronal contimnst bordering
the darker image of the spectrum 1s an outstarding feature of Goth the
ultraviolst and visible spectrograms. The importance of this continuom was
not fully realised in the design of data pansl =zystem, and, as & rerult,
the stap wedge and most of the clock images in the ultraviolst were
caaplstely uselass. At first sight it appeared tha% the continuua had
alzost complataly deatroyed eny hope of getiing an accurate charactarietie
cwrve for the ultraviolet spectrogrese. Further o_pneidaraticn, howevey,
showed that the contimim is exireomsly valuable, both as 2 means of getiing
the characteristis curves, and ag . means of comparing intensities in the
different exposures.

Bach monochromatic image of the eclipsed sun would show &z a ring of
light, 1ooking somsthing like the image of the greem, 5303, corona on the
visibla spseirogrem 4in plate 2. When thess lmmges are dispersed, along
tas line of contact, 'owh point in the spectirograms receives lighd from all
of the overlapping imagee. Along the line of contact the dispereiocn s
normel tc the sun's limb, and tha a!‘f;«;b of the ovarlapping ﬁmgan ie
relatively small. At points on the moun's limb + 50% from the 1line of
oontact the dispersion im parallel to the limb. In this case ths affect
]61' the ovarlapping images is pronounced. The net result 18 an intsansity
distribution in ths continuum normal @o the dispsrsion similar to that
shorm in Figure 3. The intensities inside the moon's diameter change Juwring
the eclipsa, reaching a minimu;: néar the middle of totality.
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Qutside of the moon's diameter the intenaities are indspcndent of the
position of the moon, and during the short time of the eclipse thay chould
be constant. Tha fact that this source is gonstant throughout the eclipse,
and that 1t is a continuous spactrum of known spectiral charscter,; as dﬂ-
cribed below, rendsrs it e suitable atandard by means of which we can
tranarose the characteristio curve at \u900.to any dssived wavalength-

Sincs the 1liae of dispersion is along the line of conlasts; the mwaxi~
mux ot the edge of the m0on is the same distance from the center of e &ur
in all of the epectirograms, md it can be used 2z a convenient mfsr;nca
print:  The intensity at & given point in the imsgs of the spectrogreaa 4«
the aum of the inisnzitics from the overlapping izages. The ilutensiy
cunmwm‘ awi eaéh wavelength is the integrel of the sovochromatis inten-
sity along ths line of sight at & pointy in the Langs of ths soroma which i
represantsd by the point on the spectrogrem. BSince thia polne on the spec-
trogram 18 &t a dirféhsnt baei‘oion relative to each wavelength, esch wave-
length is represantod by & different region of the corona, 'The oomplex
natura of this imags doea not sariously limit its uwsefulnean, however.

The intensity 24 any point in this image of ths a:m_ﬁx:.um depsnds ohly
on the intensity distribution in the corons and the disperaion of the
. pectrograph. Both (.hem-yl-3 and observationll indicate that the coropal
continuus ig, sxcept foir absorption linss, & rencoduction of the photo=-
spheric continuum. In the inner corona it arises Irom scattering by free
electrone, and in the outer corona it arises from scattaring and diffraction
by larger dust particlas. Regerdless of its origin, however, the observa-
tions indiocate that the continuum is the same color at all heights. Thie,

of course, implies that the continuum intensity is Wis sams function of
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wavelength at all points in the corona. If this is trus, then the rstio of
the intensities at two points at a given wavelength in the image of the
corena 18 the st as the ratio of Intensities for two points at the same
heighta from the edge of the moon at any other wavsiength, ressrdlessz of
the disperalon of the spactrograph. If the intensities in this ieeze of
the corona aan bes measured at one wavelengih on any spactrozram, then the
iugo caD be x.m as a continuous wedze from which part of the charscter-.
istie guree can be ebt.dnid At any _nvolmgt.n-cn any pi; the speciragrans
xher?d the imegs is dark snough to be of use. -

In particalar, wo can use the cherscteristic curve sbiained froa the
data panel wedgs on the visible spectrograms to meseure the relstivé in-
tensities as & function of the distente from the maxiwua in the imige of
the coronz &% MU on the visible spectrogramsz. Zhess rslative intensitiss
can then bs urnen +o plot Lthe charwcierisiie curves for the ultraviolet
spacmgrma» at any desired wavalength from n.icfbdaésimatgt racings ‘ci,.'.t'
the conil: uum gt that wevelength.

The image of the atap wedze in the data psnel on the viaivle gpactro-
grams is in ihe outsr sdge of ‘the.coronal sontinuum. The -intsnaiwlﬁ.u_ the
‘4mage of the goropa is negligibly ouall comphred %o the-intensity Féomthe
h.igis transmission end of ths wedga, but on the low braneaybeioh-SRd 47 tha
wedge 1% 18 & large pescentege of the total intensity. In order to get an
scourate churacteristic ourve from this image of the wedge the contribution
of the continuum muet be evaluated. It is possible to do- this by comparing
the images of the wedge in any two of the 0.3 iicond..‘o.é aocérﬁ; 0.9
second and 2.9-seconds exposures. The total 1ntena1t_.y'o!‘ the ligh}b u‘.
giiien step in the wedgs 18



I, =1, s0-% + X a3
whers 7. 1n the intonsity of the light illmminating the step wedgs, & is
the gisen sraoular density of the step and Ic is tha !.ntcaufv of the
centdnuwe:  Por en image with a diffsrent exposure time tho size denaity
=12 Bz Found 2t & different stap. This denedty is predussd by an
{ntensity & "

t - LA r L, {34}

. &£ we 1st a represent i ratio-of the exposure timss correcied for the
reciprecily failure, then

Ty = &L,

fiolving these three squations for a, wo get

o’ L 2

% 4 %" 3 (15)
/"‘r o %"x:,

Equation (15) can be writtan for any density vhich is in the range coversd

Ly voth expcsunu. It we chm '} mcund point. then,

4 > I'u.. "‘ q:' (\16)
IO"J} o+ To/T,
From {15) and (16), we got

1, L Bt - s sk an
2’ 108 Ay RPN Y '
The value of ;:E 16 quite sensitive to-ervors i the quantities

( fo~ ¢ ‘. lo"‘ ) but it can be dotomimd for a large number of points
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and the average value wsed. Equation (17) assumss that I ie constant
throughout the length of the wedge. Measuremsnis of the continuum at the
two enia of the wadge show that this is very nearly o9 Eyustien (17) also
aniumes that ;.i— is thy same on all speotrograms. The lamp current wee
agourately controlled; cud iherefore, I, 46 coneidared constant. It was
pointed out above that Io s aleo constants ‘

Pigure § 41lustrates the method of computing 10 ‘The diffuse mn-
ties in the !:'Npl ¢f two of the images of tie wedge uﬁa d.utomt- SXPOSULY
timas m pht.w against the gresn specular densitiss of ﬂze *is.ai G the
originsl wedge. At o peirs of points of equal dersity on the two owvas
the values of 19"‘ 10"' 20°% ana 107 % can be read, and ..2 ocisputed
fros equation (17)w The aversge vaiue of Io chiainad fZron 15 &hﬂinlmm,
48 04036'% 0,000, In caloulating lg we used patrs of points which covered .
both largs and seall differsnces in’density. We cbiatned the final ourve
by plotting the diffuse densities of the staps in the wedge image as ordi~
nates and log (10 "‘ I°) as abscinses, The plote frcu the d:u‘fomt a2
posures are cosbined ia'oo s singls curve. The data fin. t.':.‘.e Avwma -ana - $n
fable i in the Appendix. ' '

When e curvea fram 'thg different mxposure times are occomdined, the
overlapping particos agﬁa very well. This would not ba the ocass if the
value of I was 4n error by any significant amount becsuse the overlapping
part of the curve from the shorter expocure ir independent of XS, sand the
overlapping part from the zlo@ngur axposurss S very sonsitive to the v@l\u'
of % | |

Microdenaitomsier trasings werc made of the coronsl continum at
).h900 on'nwin of the visible apoctrogi-ma which showed no signs of blurring
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or fogging. it relative intensities shimined fros these trecings and the
visible characteristio curve are sxtered in Table S m the Appendix. The
values for the seven spectrograms were aversged, and the averages plotted
againet heignt. ‘The average valus was 't.ho,n given small cometto;u to make
the points follow a mmooth curvee Both the .avmgp: and the smoothed
Averages ars in Tubls 5. s ‘
The izdividusl ummana for each pair of heights ocbtained from the
spactrog s 40 zwb show eignificently lare departures from the meat. The
l&tw 1% well within the Maits of the savamicy of pmt-op;cphic photow -
petry. The reletive intencitiss oo the speotrograns of different axposurs-
unu_ are baged on differznt reglons of the{:viaiblo shusrecterisiic ourve,
;A% fant, include 13 of the-cueve up o deniity-of 1,85 - The faot
that the valuss are Telatively scostant Shroughout the whole rangs of ex=-
poem. indicates that the visible m&uﬂsﬁa curve is not aigxiiif{-t
oantly 4n error. '
Microdensttomster traoings of the coronal sontinuum o e ultreviolst
ap'c&wu we o nr.do ad 'u’boo, 23800, \3700, iym, and 23500, %3700 was
traced on all of the apaotrogx'ms, and the ot.hor- on thres apactrograus.
m domitin obhimd from ﬂun twwinm tre mmw& in Table 6 in the
Appendix The inqn et’ the noen on t&w ulmnolot and visidle speciro-
grems 416 the site suas and tm mztiu :.nwnaxuoa Regsured i:x the
visible apply to pointu tha Bhsne dﬁ.lmco Irom the edge of the moon in t.lu
ultraviolst contdnuum. “The band of ocontinuua betweun tha two imxges of the
spocm- -was uted on both tho ‘wizibla and uliravicolet plates. The continuus
on_the opporite limb of the sun was svodded beosuse the. standard uxﬁo-uru
showed evidence of vignetting near the odges of ‘the film gate in the



ultraviolet csmersa. The continum betwsen the two isages im in the center
of the sxposure where nutxu!mqnydnma-..emt%mg, #d lase
apt o be affected by irvegular shuttar sstion. The contimnm 'rom ths
portion of the seoondary exporure inside af the moon‘s diamster ia added
to this oontinuum. However, the intensity in the sssondary oxm is
only about 1% of ﬂu intensity in the primary exposure; &inoe onlv Mﬂ
inteneities u‘ und. 4t largely oancels anyway. The contizmwm in the out~
side odgo of the secondary exposures u below u;- u;mw sensidivity of
the films.

The secidon of the curves fram the various spuctrograms ave ocubtn_.od
into & eingle ourve at each wavelength by shifting the curvas.at:constant
density until they overlaps The traoirgs at AJSO and M3SS0 were used to
aid in drawing the tue otﬂn QUrves. . The highest densities in the continu
are about 245+ Mlmwu 1ines on the prisesy image sxceed
tis deneitye En order to-axtend the-upper end of the curves we wessured
the relative intansities &b tho pesks of several of the Baliogwum.'m. |
nicmdm-iwﬁr trucingd of the ssccndary Lmges on the spevtrogrems and
the previously detersined portion of the nltmichﬁ charestaristic curves
at thn s wmzaéio. Wo tbon plotiod the densielss of the ‘mku of the

A

Baos LinWE &% e sems W,rt ot the “*-"‘ in the m'imw 1m0 cm lnimt tha
logaritha of the relative intensities obtained from the ucmduy hacc.
fthis portion of the ocurve was then shifted at constant density until it
Joined the other curve. The two seotdons of the curve joined mw' It
the praviously dohmimd portion of ths ourve was of the wrong shape, the |
m sections would not have had- 'du SaMS siopc ‘where tmy ,joimd, angd- tiey

would not have joined mcthly Tha dats for. thc ‘top.of the \3700 curve
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are showm 4n Tahle 7 in the Appendix. The top of th= X W00 and A3 cwrver
were assumed %o be parellel to the A3700 curve. -Actully, 'm- portdon of
the 2urves was Dot nesdad, beosuse the 8tronger 1inas were alsg reoorded 4
the secocndary images.

Pigwre 5 1s & plot of the characterietic ourves cotained et five weve=
lengths in the ooronal oontinuum. To aveid confusion only the poins for
the \3700 curve have baen plotted. Ths relative positions on the log
soals have been determined from the standard exposures. 4

In Figure 6 the twe sots of standards and the coronal continuwzm curves
&t 700 ars compared. Ths differences between wvets A and B indlcated the
sxtend of our failure o0 duplicate conditions on two relstively close
occasions &t Bouldsr, and suggscied that owr chanoes ot_ dizliocating the
canditions et Khwartous wers not very good. KXevsrtheless, except for the
dlow denrity end of ths curves, the geveral sgrewsent was exceptionally
goods Thers canmct ba wush doubd sbout the ehape of ths curves sbove &
Z20Bivy of 7 T, 522 Shey ell ahow the sexe changes 1u ahipe with wavaisagth.
Toe only region where the ourves fran the corcoal csotinuws required an
additional confimation was telow densities of 0.8.

Fortunataly, this waz not hard to do. It hes alresdy besn podnted out
that when ths low donsity end of thess curves war used L0 construst wha
high density ornd of the cwves from thd two imagys of the spesctrum & vely
good £1t was cbteinsd. If, on the other hand, we did the ssme thing with
the characteristic curve Irar the standard exposurez made in Boulder, the
upper ond of the cux;‘;a obuindd-'n; much too stesp to join thé previously
date‘m:h;od; lower end:: As éoon a8 the Boulder standarda were acuplated we
suspeet@:c{ sane such ﬁ-mbh because the clear film densities on the sclipse
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filns in wnaxpoved regiona wae 0.23, whersas the slssr {ilm densities in the
Boulder wiandards wae only C.1L. Tho ssms results were found in the wisidies
rectrograas. This im e larger differeancs than obe would gxpest from pro=
oniing alone, and thers iz no ¢ridence in the specirogrems of ansuvsh somt~
tared light 0 oause 1t. It way perhaps have rosulted from difforences in
the physical conditions of ths fils at the two times or from scuw ecri of
shesdcel fogzings In any event, the (oe of the curves from ¢he Boulder
standard exposares was much 100 1ow, and the ourves ficm the coronal
contbimim soem %0 be Approaching asysptotiocaliy o & valus very close o
the #clipes clear film value of 0:23. Ancihar aryment euprorting the
validity of the tce of the ocurves from the coransl can:btinuwmt 15 that the
method used to construet the ourves requires that if the toe posssssed t00
low a slops, #0 alac would the otreight line portion. Howsver the streight
line porticn .agroed very wall with that determinad in the Bouidor atanderds.
The sbeclute intensity scale 'tor the charsoteristic ourves obtninedv _
from the coronal continuum was detsimined by maiching the straight line pore
tion of these curves with the atraight lina portdon of tho"ahnm'd Bowlder
sxposures derived as deseribed in the previous section: &inse the proceseing
and exposlug oonditions were well contiuvlled, this matohing of the curves
should not have introduced any significsot arrors. 7The surves plotted in
Nagure S inolude eotﬁouam ror atnosphario absorption, cit:crenuai fin
sensitivity, and differential reflectivity froa the mirror surfases.
 the characteristic curves thes derived are sxactly compareble wiih
thoss we would have cbtained 1f . ptandardisation process nad opersted as
ioitially intended. We belisve that ‘hese ourves are folly as mh 8e
ey we might bave cotained by the wore direst method, had 4% suscesdeds



k1.

I¥. TABUIATION OF INTENSITIES

The densities in the grimary imagse ef toe ultraviolrt mpeotra range
from 1.2 t0 3.0s In the sscordsry image the densitias range from 0.26 to
30, The film cherscterisidus sre such that the photomotry is ressonshbly
ralisble wp W denmitias of ébout 2.8, None of the common commsrcial mioro-
Mnibmt&m widd ai'n; a5 accﬁrsta mezsure < such high densities Vlth a
reascnable #1it sisa and spsad. The niﬁroplwmm:. mioh bas been hnﬂt
£25 thie p@rpon et the [l Altitude heervatory »ill do this in & very
eatisizotory u;%ner, but it was necessary for us io do part of the redustion
work before thie ivatrument was completed. Ine culy othar instiuwment which,
to owr knowledgs, will give sstisfactory wacings of thess very dense
mmpus 1s the miorvdsnsitometer at the Mciath~Hulbert (hservatory.
Mnah the gsnerous cooperation of Dy m:wsth and the starff of the MoMath~
Halbert Obuxntbx:r this ins trhament, wao mads available to us to:- our work
m of the results desoribed in this roport, ware obtained from the maixsg-
made at the NoMath-Hulbert Cossrvatorys =

 The jlpqc:_fo.\"cé:‘cms were traced with a rectangular slit 254by 2254.
With thia sixs of olit the grain struoture in the film is evident on the
tracings, but mt to the sxtsnt that 4% requiret any apprecisble smoothing
of the lim pratun. A longer slit could not de und becauss of the hrgo
mm&ﬁu in the moon's profile. The ngninocuon between the
tracings and the spectrograns is 165x. am. the uowaion of the spectro-
gram is 7.5 A9/mm, the dispersion of the tnulnga 1s .OLS Ajmm or 1.15 A/
inch. 7The slit width corresponds o 0419 A, and the leigth ¢f the slit
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covers a strip of chromosphere 22,500 km long or about 1.9° of arc on the
Usdb.

Two points on the eant linh 2t sscond ucnta.ct- wers trtn'oédw oo all of
the ultraviolst spectrograme. The tracings extend from 23900 to A3500.
They includs the rydroges Balmer lines from Hg to H,,, spd the Balser
continuumm from A\J6LT to uqoo. Ths W& polnte treaced are mrkid "a® and
"s" in plate 1. P@ini s in &b a heliographio position angle of 67° and
point b at 650, This region of the sun's 1imb ‘showad no signs of pronis=
mnce activity either during she eolipss or during the days Usesdiately
fellowing and preceding the cclipse. The red and green coronal lines wars
at & low inteoaity at these position angles, but thers was & modarate Baxi-
wum in the green line at 759, and & wnak maximm in the red line also at
759« However, since these reglons were not large, and the main center of
the coronsl sctivity had passed the east 1imb one or two deys pricr w the
aclipese, ths chrowosphers at thess position angles showld be representasive
of ths quist chromosphere. It would be desirable to have trecings at at
least ona other point on the east m_wlyich i» far snough removed rz@s tha
other points t0 be independent of any 100&1 btcﬂlhriuu that wight be
present in thy chrasosphere at thess points, Thiv was not done ab the
NoMa th-Hulbert Chusrvatory beoauwse the 8lit in the misrodenytometar could
not be rotated, and the i:olntt near: the im. of contacts urﬁ,_ﬂw onl: onu
vhere the slit was parallel to the chromoephario ox‘ucon_t}t.

The relative motion of the moon projectad on the sun was 269 kms/seo
along the line of contacts, Both of the points considered are so close to
the line of contacts that this valuv can be used vidiout-. 'od;gdction. During
_ an exposure that lasted 0.3 second ths moon moved 108 km relative to the sun.
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The effective haight for sach exposure was assumed to be tha point rwached
by the moon's 1ixb at the middle of the sxposure. Tue haights are measured
fran the photosphario lisb, which was determined by plotting the inteneity
of the coantinwse at 23700 for point b againat the sxposure nwdber B Ehows
in Pigure 7. The point 2t whish the slope of the curve changes most rapidly
was amsidered to correspond % ths lisb cf the sune The point of sero
height was selected for point b at exposure numbexr 3.0. This should be
within + 20 km of the trus position of the edge of the photosphera. Point
a was appsrently at contact befors any usable exposures wsre oblained. The
moon profile piotms show an effeotive difference in the nnxigc elevation
of the o points of about 70C lom when projscted on the ohromoaphere. Over
the length of the s1it the extfems variations in the moon profils projeot
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85 about 100 ki {n the chromosphere. The average variations are much less
than this, but they ar¢ ansugh 10 make the sffective &iffersnce of the two
points wcertain to peraps + 75 kme

Another pathod of daisrainding the difforence in haight betessn points
sand b ls w capars the intensities of the chrowcaphwrio linse with large
hoight gradiente at the two points. The CN band at \388) is ccnvenient far
this coampariscn. The exposures on whioh the dand bas the sawe intensity at
the o poluis are separeted by €50 ke A visual inspecticti of numercus
weal 1inss at the two polnte also gave an average diflerencs of 650 s Ths
650 i valus was adopted as the differencs in ths «ffeotive height in the
shrowssphere for the Wo points on the sams spectrograne. The heights se-
Eigned 10 each spectroprsm are listed in Table 2.

The microdazaitometsr traoings wore cmvertsd to line intensitios in
the following fashion. First, the miorodsnsitonetsr tvacinge of the speoteo~
greme wore eslibzated by teacing & atsp wedps of Jnmm densitdes, which waa
printed on the same swulsion as the mpectrogreme. The calidrations were
nads ogtnu].‘ times during the traocing of cach spectropren do that covanient
senaiiivity esttings could be used 4n 811 vegicns of the spectrus. The
dousdty in & lins protile was read every one-sizth of an inch on the
traciags, or, is sihar words, svery 0.2 A in the snuctrune The derisities
were oonverted to intennitles bty moens of the charscterxiatic cuwrees of tha
preosding liauon, and respiotted on a larger &ale. Idne profilas were then
drem: ap szooth curves through the points; am the aress under the curven
measured with a pisnimeters The ares under the curves geve ths vilue of
the line intenuwities as expressed by equation (9). Howsver thess ling
iiit.ehaitiu must etill be éomoeed for variations in expesurs time and
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those on the seoondary epecotre must be converted to the scale of the primasy
spectra by appilsaiicn of the retio of intensitier between the twc. The
mothods for these corrsctions are dessribed below.

Ne o.tuuptee_l to smooth & few of the obvious defects ln the £ila, bHuet
wmade no attempt to foroe the uvilendad profiles inte any sort of & pattorm.
Gaoept far the obviows defects and blends with other lines: the intensities
&t esch point are nkan direoy fros the wisrodaneitometar tracings, and
the charasteristic oures st that wavelensth, e profiles wers dyewn @
give the hest mooth fib% to thess points. In the ocsses whars the Balase
limnn:ibl-mu&aomorlﬂ.mu in such & way that e t%wo wars not
vemlved, the intansity glven was the eum of the intensities for the two
Jines. In the Belmer lines HpgeHlyy, and dn other Balmar lines that sre
close to nm-nn.ur linss; the wings —at the lines srv overlapped. In order
14 separets theve lines the continmm inteusity vs wavalength curvs was
shrapolated 10 inciwds the wavelengths of these lines. The lines were
when separated by sxtending the individual profiles of the lines down 4o .
the sxtrepolated coatinume in such & way that they hsve the sans ahwpe &2
the nedghboring Balmer iinas, ard when sdded together will reproduss the
wesing. The dlending was ot serious snough that the peaks of tha limse
have besn affected, and the line ipntennd es obhiained in this way ade o~
sistent with the intensities of thos rest of the linea in the #eries. BSuous
of the series lines beyond 531 oan be identified. Wo hive not mads &
systanatic attespt to identify thess lines; but a tentative identifioation
shows that Hyg 4 definitely disosrnible on some speotrograus, &nd lyy 48
quite probable. ALl of the ssriss lines begond kyy are too badly affected
by blends, and relisble intensities are impossible.
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Probable srrors in the reletive intensities cbtained may be satimated
yr axamining sach of the five basie steps in the process of thelr determde
nation. Thess five otaps are tha followings (1) pheotographing the speotroms
(2) messuring the densities on the spsotvograma; (3) converting ths densd-
ties %0 intensitder through the cheracteristio curves; (L) drewing the L
touaity pm!ilu; and (5) measuring the areas under the profiles: There
Are nndm cmu in all af these steps, but, the only likely systzaxtic
orrors &rse oa.usgd by errors in the charmcteristio ourves. The randas
errors in ths individual atepe «rs bhard to svaluate, but, at lasst in thia
Oddn, the errors {rom the last thres sinpd are mmall compsred 4o those fxom
the first two ateps. The zost serions mndan'emi are osussd by inhame
mit.iu in the esulaion and other &m’w% the spectrsgrems. The totad
rmda arror introduced by the last four staps csn be wealuated by repesting
ald of the pmc;aca several timss for a given line; or two or three times
for seversl lines. In mking the trucings there mmwg curves where the
.-m line on a glven spectiogren waé traosd o or thres $imes "sm.aixl’cmt
cocasions. Of 5 such cascs, the mAxbmus differencs in the log of the in-
tansity wa 000, and tht.probahld sreor was * 0,027 in the log of the in-
tensity. Most of this exror is in the wiovodensitowstar trecing, and the
biggesi ahnh of 1t comus from small differences in the posdtion of the
ulit. on th« -pectrogm

' Btasﬁ.du the nadm arTers 1n tha specirograns caussd by defacts in Lm
ﬁulad.oxx, there are random errors caused by defective ahuttpr aat;oap and
other Anstrusaital difffoulties, The defeotive shutier sction doss not
cause rendom errors in the relative inteasities at one peint on the linb in
a given "lp«tmg‘mz.r However, fhoh-tht ;mmgitiu at two pointa on t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>